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ABSTRACT 
Background: Intrauterine growth restriction is one of the most common causes of perinatal morbidity and mortality 
worldwide. Strong evidence about the optimum method of surveillance is needed. 
Objective: to determine the relationship between biophysical fetal parameters and arterial and venous Doppler 
parameters in fetuses with severe intrauterine growth restriction (IUGR). 
Patients and Methods: This is a Prospective cohort study was conducted at Menoufia University Hospital during 
the period from March 2019 to September 2020. Fourty two IUGR fetuses with elevated Umbilical Artery (UA) 
Doppler had follow up with Doppler (UA, middle cerebral artery and ductus venosus) and Biophysical profile 
(BPP). Patients were stratified into three groups: G1: abnormal UA alone. G2: brain sparing effect. G3: abnormal 
DV Doppler. Our main primary outcome was neonatal intensive care unit (NICU) admission while secondary 
outcomes were APGAR score, Birth weight, EFW and stillbirth rate. 
Results UAEDV was present in 29 fetuses (69%), Absent/Reversed (AREDV) in 13 (31%). Brain sparing was 
observed in 18 fetuses (42.85%). Abnormal DV Doppler was noticed in 5 fetuses (11.9%). The BPP was > 6 in 28 
fetuses (66.6%). Abnormal doppler (UA, MCA, DV) and abnormal BPP were significantly associated with 
increased NICU admissions, Still birth rates, lower APGAR scores, EFW and Birth weight. Multivariate regression 
analysis was performed, and it was found that abnormal MCA was the most associated parameter with NICU 
admission. Conclusion: Fetal Doppler (UA, MCA, DV) and BPP are complementary antenatal modalities. 
Therefore, pursuit of a combined testing approach has merit. 
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INTRODUCTION 

Intrauterine growth restriction (IUGR) 
undoubtedly is one of the most common causes of 
perinatal morbidity and mortality worldwide. 
Historically, IUGR has been defined as fetuses whose 
estimated fetal weight falls below the 10th percentile for 
gestational age ©. Doppler ultrasonography and 
biophysical profile scoring (BPP) are the principal 
surveillance tools in pregnancies complicated by 
placental vascular insufficiency and IUGR ™. These 
antenatal testing modalities aim to detect fetal 
compromise by evaluating fetal manifestations of 
altered oxygenation and metabolic status ©. As 
placental blood flow resistance worsens, changes in 
cerebral blood flow resistance are observed in the 
compensated state. Finally, deteriorations in venous 
Doppler parameters are observed that reflect alterations 
in cardiac forward function in response to advanced 
placental insufficiency “. Multi-vessel Doppler 
examination is able to accurately depict this progression 
in IUGR fetuses. Dynamic fetal variables (movement, 
tone, breathing, heart rate reactivity and amniotic fluid 
volume) utilized for BPP remain normal longer in the 
progression of IUGR fetuses ©. With progressive fetal 
compromise reduction of global fetal activity is 
followed by a decline in fetal heart rate reactivity and 
fetal breathing movement and amniotic fluid volume ®. 
Finally, fetal tone and movement are lost in response to 
worsening acidemia ). 
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Previous studies clearly show that cardiovascular 
and biophysical responses in IUGR fetuses both relate 
to fetal status. To determine which combination of 
antenatal tests provides the best reflection of fetal status, 
it is first necessary to assess the relationship between 
test results in these principal modalities ®. 

If deteriorations in both Doppler and biophysical 
parameters are closely related, then test results should 
be concordant in the majority of cases. 

On the other hand, if deterioration in 
cardiovascular and behavioral status occurs 
independently of each other a certain degree of 
disagreement between the test results is to be expected. 
It was the aim of this study to determine the distribution 
and relationship of Doppler and BPP test results in a 


population of IUGR fetuses with placental insufficiency 
(9) 


PATIENTS AND METHODS 
Study Setting: This is a Prospective cohort study was 
conducted at Obstetrics and Gynecology Department, 
Menoufia University Hospital during the period from 
March 2019 to September 2020. 


Eligibility criteria: The participants were chosen 
according to appropriate inclusion and exclusion 
criteria. Fourty two patient fulfilled the inclusion 
criteria. The inclusion criteria was; Normal fetal 
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anatomy, Sure of date, Fetal abdominal circumference 
< 10th percentile for gestational age and Expected Fetal 
Weight < 10th percentile for GA by reference values 
and Umbilical artery Doppler pulsatility index (PI) 
more than 2 standard deviations (SDs) above the 
gestational mean by local reference. Exclusion criteria 
was; unknown date or Diagnosed congenital or 
chromosomal anomalies. 


Data collection: All participants were received at 
department of Obstetrics and Gynecology, Menoufia 
University hospitals where they provided full personal 
and medical history and underwent abdominal and 
general examination with detailed ultrasound 
examination and BPP. Each participant underwent 
follow up with Doppler (UA, MCA, DV) and BPP. 
Gestational Age was determined according to date of 
last menstrual period (LMP) or Ist trimester crown 
rump length (CRL) by ultrasound. Body mass index 
(BMD was calculated (weight in kg/height in m2). 

Settings and procedures: GE Voluson Ultrasound 
Machine was used for detailed obstetric ultrasound and 
Doppler examination. Pulsed-wave Doppler 
measurements of the UA, MCA and DV were obtained 
using the pulsatility index (PI) to quantify arterial 


Doppler waveforms and the PIV for veins or the systolic 
a-wave to quantify the DV waveform. 

Biophysical profile scoring: The five-component BPP 
was performed during the fetal assessment. Fetal 
breathing movements sustained for 30 s or more, 
presence of at least three body/limb movements and at 
least one vigorous flexion/extension episode of the 
limbs each yielded 2 points. A maximum vertical 
amniotic fluid pocket above 2 cm yielded 2 points. Non 
stress test (NST) after 30 weeks’ gestation, two 15-beat 
accelerations, each sustained for 15 s. Two points were 
given if these criteria were met.No points were given for 
any components if these cut-offs were not met in a 30- 
min period. 


Procedure of Doppler evaluation performed: 
Umbilical Artery: A loop of umbilical cord close to 
the placenta was located. The segment of umbilical cord 
elongated so that the two umbilical arteries and one 
umbilical vein would be distinguished. Angle of 
insonation adjusted to less than 60 degrees. An optimum 
Doppler signal obtained and the pulsatility index 
measured. In the UA Doppler: absence or reversal of 
end diastolic velocities (UA-A/REDV) was noted. All 
fetuses had an elevated UA-PI (> 2 SD) as part of their 
entry criteria. (Figure 1). 





Figure (1): Showing UA Doppler PI more than 2 SD from mean. 


Fetal Middle Cerebral Artery: Section of fetal head used for BPD measurement obtained and then the transducer 
angled caudally till the middle cerebral artery is seen. Sample volume size and angle of insonation adjusted after 
placing the cursor over the artery and appropriate signals obtained. An MCA-PI greater than 2 standard deviations 
(SD) below the mean for gestational age was considered as evidence of ‘brain sparing’. (Figure 2 a+b) 
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(b) 
Figure (2): (a + b) showing Doppler wave of MCA. 
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Fetal Ductus Venosus: A transverse section of the fetal abdomen obtained with the transducer angled slightly 
cephalad, color flow switched on and the aliasing signal in the DV identified where it connects the umbilical vein to 
the IVC. The sample volume and the angle of waveform obtained. The PI was then be measured. The DV Doppler PIV 
index elevation greater than 2 SD above the mean for gestational age was considered elevated. (Figure 3) 





Primary outcome: NICU Admission. Secondary 
outcomes: APGAR score at 1, 5 minutes, Birth 
weight, EFW and stillbirth rate. 


Ethical approval: 

The study was approved by local ethical 
committee. Women who agreed to participate gave 
their signed informed consent after explanation of the 
study benefits and hazards. All procedures were 
carried out in accordance with the ethical standards of 
the institutional and/or national research committee 
and with the 1964 Declaration of Helsinki and its later 
amendments or comparable ethical standards. 
Sample Size: calculated according to a study done by 
Baschat ", to achieve 90% power to detect this 


RESULTS 
Table (1): General characteristics of the studied group: 


Figure (3): High DV Doppler wave 


difference with a significant level of 5%, it is 
estimated that 42 subjects with established late onset 
growth restricted fetuses after 30 weeks were required. 


Statistical Analysis: Results were statistically 
analyzed by SPSS version 22(SPSS Inc., Chikago, IL, 
USA). No-paired t test was used for parametric data. 
Mann-Whitney was used for non-parametric data. 
Chi-Squared (y2) and Fisher's exact tests were used for 
qualitative variables. Spearman correlation tests were 
used for detecting the strength and direction of 
association between variables. Binary logestic 
regression was used to assess the predictors of an 
outcome. P value <0.05 is considered significant. 


Participants (n=42) 
General characteristics 


EEE EE 
Parity 
Nulliparous 
Multiparous 
Comorbidity 
Yes (PET, anemia, bronchial asthma, DM, Epilepsy, SLE). 


No 
Mode of Delivery 
Caeserian Section 
Normal Vaginal Delivery 
Gestational age 
At study entry (week) 

e At last examination(week) 


32.52 +2.02 32.0 (31.0-39.0) 
35.65 +1.94 36.0 (32.0-39.0) 


Fourty two (42) patients had Doppler (UA, MCA, DV) and biophysical profile scoring performed during the 
study period. With a mean maternal age (27.59 +6.03) years. Twenty-two (52.4 %) of women were nulliparous. 





356 


https://ejhm.journals.ekb.eg/ 


Pre-eclampsia was the most common medical condition, observed in 9 women (21.4%). Delivery was at a mean of 
35.65 weeks. Thirty-one cases (73.8%) were delivered by Cesarean section. The mean gestational age at the initial 
referral was 32.52 weeks gestation. Smoking was present in 4 (9.5%) patients. Eight patients (19%) reported past 
history of IUGR. Mean BMI of the studied population was 28.93. Twenty-two cases (52.4%) were nulliparous. 


Table (2): Distribution of biophysical profile score results. 


BPP Score Normal BPP 28 (66.6%) Abnormal 14 (33.3%) 
0 —— an 


N 


The BPP was > 6 in 28 fetuses (66.6%). The remaining 14 (33.3%) fetuses had a score of 6 or less. We related 
outcome parameters to fetal status as assessed by Doppler ultrasonography and BPP. 





Table (3): Distribution of the Biophysical profile regarding APGAR score, Birth weight, EFW, NICU admissions 
and neonatal outcome. 


Biophysical profile 


Normal Abnormal Test of sig P value 
No.=28 No.=14 Mann-Whitney 
APGAR (Mean +SD) 
1 min 6.78 +1.47 4.28 42.19 3.59 <0.001* 
5 min 8.78 +1.47 Rede 0 +2.82 3.59 <0.001* 


Birth weight 1968.92 +231.63 AAN 42 +287.12 <0.001* 


1801.35 +280.45 1455.78 4280.77 _ 78 #280. 77 0.001* 


NICU: No A 
Yes 10 35.7 T 6 <0.001* 
No 18 64.3 21.4 
natal tcom 
: 28 100.0 85. 7 <0.001* 
Alive 


*: significant, EFW: Expected fetal weight, NICU: Neonatal Intensive Care Unit admission 








Abnormal BPP is significantly associated with low APGAR score, Birth weight, EFW, increased NICU admissions 
and stillbirth rate. 


Table (4): Distribution of DV and MCP regarding APGAR score, Birth weight, EFW, NICU admissions and 
neonatal outcome. 


pS value MCP |Pvalud DV | | 
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High — — É ee ea Abnormal 
No.=29 No. Feral Rar No. ee ea No.=5 
(ae +SD Mean A ean Ke ean E Mn 
Eog 


6.68+1.53 0.001* | 7.08+1.44 | 4.44 +1.88 K0.001* 2.40 +2.19 
8.68+1.53 0.001* | 9.08+1.44 | 6.22 +2.46 K0.001* 3.60 +3.28 


1914.82+ 1570.0+ 0.001* | 1953.334 | 1614.44+ |0.001* |1869.18+ 1356.0+ 
297.32 309.65 286.70 308.83 299.79 272.81 


EFW 1753.65+ 1535.61 0.036* | 1766.374 | 1579.22+ | 0.062 |1733.05+ 1339.204 0.01 
317.71 +290.09 325.59 293.50 304.18 249.37 


|} lm |% [jo |% | tno | % [no | % | ino |% |no |% | 


10 134.5 A 76.9 | 0.004* |11 | 45.8 n 88.9 |0.001* |11 e 
19 |65.5 23.1 13 | 54.2 11.1 26 
Neonatal 
Outcome: 
Still birth | 0 0.0 2 JIL1 0.002* 2 0.016* 
Alive 29 [100.0 |11 {88.9 ba fag 16 ac 5 we 0 


*: significant, EFW: Expected fetal weight, NICU: Neonatal Intensive Care Unit admission 
Abnormal DV, MCA, UA Doppler are significantly associated with low APGAR score, Birth weight, EFW, 
increased NICU admissions and stillbirth rate. 





Table (5): Multivariate regression analysis for predictor of fetal outcome. 


95% Confidence Interval 


Middle cerebral artery = 0.016* 16.50 af ie 161.84 


*: significant 





A logistic regression was performed to ascertain the effects of UA, MCP, DV and BPP on the likelihood of 
admission to NICU. Logistic regression model was statistically significant, y2= 13.55, p =0.022. The model 
explained 37.9% (Nagelkerke R2) of the variance in unsatisfactory knowledge and correctly classified 78.6% of 
cases. It was found that abnormal MCA was associated with NICU admission (OR=16.50, CI95%: 1.68-161.84). 
UA end diastolic velocity was present in 29 fetuses (69%), absent in 6 (14.28%) and reversed in 7 (16.66%). Brain 
sparing was observed in (42.85%) of fetuses. Abnormal DV Doppler was noticed in 5 fetuses (11.9%). 
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DISCUSSION 

The search for more accurate surveillance 
techniques in IUGR fetuses naturally leads to the 
question of which antenatal testing modality is best — 
Doppler ultrasonography, five-component BPP 
(including fetal heart rate analysis) or a combination 
of both modalities? If you are going to investigate this 
question, you should start analyzing the distribution of 
test results. If Doppler examination and BPP are 
coordinating with each other, then a combination of 
both modalities is clearly less valuable. However, if 
test results are not in coordination then the 
combination of both modalities may worth due to the 
complementarity of the information gained through 
their combination “, 

In our study, a mean maternal age (27.59) years 
which was near the mean age (29.87) determined by 
Baschat 9, Twenty-two (52.4 %) of women were 
nulliparous which was slightly different from the 
results of the study done by Unterscheider and 
coworkers “ where eleven (31.49%) were 
nulliparous. Pre-eclampsia was the most common 
medical condition, observed in 9 women (21.4%), this 
finding also observed by Bardakci et al. 9” who noted 
14 (24.8%) of cases having preeclampsia. Thirty one 
cases (73.8%) were delivered by Cesarean section 
while in Baschat 9° study the mode of delivery was 
(80%) by CS. Arbeille et al. “) noted that mode of 
delivery was labor induction in 114 cases (66.7%), 
cesarean delivery in 60 cases (35.1%). 

The mean gestational age at the initial referral 
was 32.52 weeks gestation. Delivery was at a mean of 
35.65 weeks. This would be in agreement with 
Bardakci and coworkers “” study where mean GA at 
delivery was 36.21 weeks. Smoking was present in 4 
(9.5%) patients. Eight patients (19%) reported past 
history of IUGR. Mean BMI of the studied population 
was 28.93. The BPP was > 6 in 28 fetuses (66.6%). 
The remaining 14 (33.3%) fetuses had a score of 6 or 
less. This was different from Baschat" where only 
46% of fetuses had normal BPP. In our study, 
Abnormal BPP was significantly associated with low 
APGAR score, Birth weight, EFW, increased NICU 
admissions and stillbirth rate. This was widely agreed 
by both Baschat”” and Unterscheider et al. ©” 
studies. 

Also, Abnormal UA, MCA, DV Dopplers were 
significantly associated with low APGAR score, Birth 
weight, EFW, increased NICU admissions and 
stillbirth rate. This also was agreed by Baschat), 
Unterscheider et al. “ and Bardakci “ studies. 
However, we added a multivariate regression analysis 
for predictors of fetal outcome, and it was found that 
abnormal MCA was the most associated parameter 
with NICU admission (OR=16.50, CI95%: 1.68- 
161.84). That was agreed by Michael Patrick Geary 
and colleagues “, Late Doppler changes such as 
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abnormal venous Doppler indices and umbilical 
venous pulsations are associated with fetal acidosis 
and the poorest perinatal outcomes “). 

In a parallel but asynchronous way, fetal 
behavioral responses to placental insufficiency can 
also be subdivided into early and late. Early changes 
are predominantly due to maturational delay in the 
central integration of fetal behaviors. This delayed 
acquisition of behavioral milestones is only apparent 
on computerized analysis 4°. 

One of the key points in this study that is 
different from many previous studies is that we 
diagnosed the IUGR status of the infant not by 
antenatal ultrasound assessment only, but also by birth 
weight measured after birth <10th centile. This 
method would eliminate possible errors in antenatal 
birth weight measurement ©”. A systematic review of 
the accuracy of umbilical artery Doppler in a high-risk 
population to diagnose an IUGR fetus has shown 
moderate accuracy “®), Doppler ultrasonography and 
biophysical profile scoring (BPP) are the principal 
surveillance tools in pregnancies complicated by 
placental insufficiency and fetal growth restriction 
(IUGR), but fetal deterioration appears to be 
independently reflected in these two testing 
modalities: and their combined use is likely to be 
complementary “”, 

Our results are confirming that biometry at the 
beginning of third trimester (30-34 weeks) was useful 
for the diagnosis of IUGR fetuses. The sensitivity is 
improved by adding UA Doppler, MCA PI Doppler 
velocimetry °°, The possibility of early detection of a 
risk group for growth deficit can allow us to start 
preventive measures (fetal monitoring) and to 
distinguish an IUGR fetus from a constitutional SGA, 
which grows physiologically throughout pregnancy 
0), Middle cerebral artery (MCA) pulsed Doppler has 
long constituted the clinical standard for the diagnosis 
of brain redistribution °”. Middle cerebral artery 
(MCA) PI have been proposed for clinical detection of 
brain redistribution in growth-restricted fetuses ?>), 

In this cohort abnormal venous Doppler indices 
preceded an abnormal BPP in the majority of cases. In 
the study presented here we have related arterial and 
venous Doppler ultrasound examination to a more 
general IUGR population that was preselected by 
small fetal size associated with evidence of abnormal 
placentation. Our results suggest that even when DV 
Doppler ultrasonography is taken into account, 
Doppler and BPP results appear to be independent. 
This provides strong evidence that Doppler 
examination and BPP are complementary antenatal 
modalities. Therefore, pursuit of a combined testing 
approach has merit. In developing such an integrated 
fetal testing modality detailed appraisal of the 
relationships between individual testing parameters 
and critical perinatal outcomes will be of importance. 
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The strength points of our study are: 1- Our study 
studied different and multiple Doppler parameters 
(UA, MCA, DV) and combined it with Biophysical 
profile score (BPP) 2- we diagnosed the IUGR status 
of the infant not by antenatal ultrasound assessment 
only, but also by birth weight measured after birth 
<10" centile. This method would eliminate possible 
errors in antenatal birth weight measurement. 3- We 
performed Multivariate regression analysis between 
all the studied parameters, and it was found that 
abnormal MCA was the most associated with NICU 
admission. 


CONCLUSION 
We support addition of the MCA as the most 
sensitive Doppler parameter for the clinical 


monitoring of these fetuses. However, strong evidence 
that Doppler examination and BPP are complementary 
antenatal modalities. Therefore, pursuit of a combined 
testing approach has merit. In developing such an 
integrated fetal testing modality detailed appraisal of 
the relationships between individual testing 
parameters and critical perinatal outcomes will be of 
importance. 


Key points: 

Intrauterine Growth Restriction is one the most 
common causes of perinatal morbidity and mortality 
worldwide. 

There is no clear evidence regarding the best method 
of surveillance either Doppler (UA, MCA, DV) or 
Biophysical profile (BPP). 

Up to our knowledge, no studies did regression 
analysis between the all different parameters 
regarding the neonatal outcome. 

We support addition of the MCA as the most sensitive 
Doppler parameter. 

Doppler examination and BPP are complementary 
antenatal modalities. 
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